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FIG. 1 
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SYSTEM AND METHOD FOR DETECTING 
MOTOR RUN CONDITION 

FIELD OF THE INVENTION 

[0001] This invention relates to a motor controller and, 
more particularly, to a system and method for detecting 
motor run condition. 

BACKGROUND OF THE INVENTION 

[0002] Solid state starters/controllers have found Wide 
spread use for controlling application of poWer to an AC 
induction motor. The conventional starter/controller, 
referred to hereinafter as simply a starter or a controller, uses 
solid state sWitches for controlling application of AC line 
voltage to the motor. The sWitches may be thyristors such as 
silicon controlled recti?ers (SCRs) or triacs. 

[0003] One application for a motor controller is as an 
elevator starter. The elevator starter may be used to drive a 
pump motor for an hydraulic elevator. Each time movement 
of an elevator car is commanded, the starter must start the 
motor until it reaches operating speed and then operate in a 
run mode. Such a starter may only be used for the up 
direction as gravity may be used for the doWn direction. One 
type of elevator starter, referred to as a soft starter, changes 
the on time of the solid state sWitches to control voltage and 
to ramp up motor current With a ?xed connection. 

[0004] Amotor may be rated for a limited number of starts 
in a select time interval. Atypical maximum number of starts 
for an hydraulic elevator system is eighty starts per hour. 
This averages one start every forty-?ve seconds. The motor 
may be periodically started to brie?y level the car as needed. 
If leaks or other problems are present, the motor may start 
several times at each landing to keep the car level at the 
?oor. Furthermore, many systems use mechanical relays in 
the circuit controlling the motor starter. Problems associated 
With relays, such as dirty or Worn contacts, can cause an 
intermittent output instead of a continuous output from the 
relay. Often the problems may exist for long period of time 
before being detected. The problems themselves can be 
intermittent and are difficult to diagnose With out Witnessing 
the condition. 

[0005] KnoWn soft starters may include fault indication. 
HoWever, in the situation described above, an overload fault 
is not a clear indicator of What is causing the fault. In 
addition, a common industry standard is to set the overload 
at 140% of the applied motor’s rated current as under a fully 
loaded condition the currents can reach these levels. 
Depending on times betWeen starts, at this setting, the motor 
may be damaged before the overload trips out. 

[0006] The motors in hydraulic elevator systems are usu 
ally not rated for continuous duty cycle and can be damaged 
if alloWed to run for long periods of time. Hydraulic 
elevators are typically not used on rises greater than seventy 
feet. A sloW freight car Would be able to travel this distance 
in less than tWo minutes. 

[0007] On hydraulic elevator systems, it is important to 
keep the temperature Within a normal operating range for 
predictable ?oor leveling. If the temperature of the oil is out 
of this range, the car may not stop in the desired position. 
One method is to simply run the pump and motor to 
recirculate oil from the tank, through the valve and back into 
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the tank. When the oil is recirculating, the currents typically 
are beloW the rated current of the motor. 

[0008] Both mechanical and solid state motor starters 
typically have overload protection either built into the 
starter, or as supplemental devices. The tripping time of the 
overload is a function of the current. This typically is either 
an (It) or an (I2t) function. To those knoWledgeable in the 
function of overload relays it is obvious that the currents 
must exceed the full load amp setting by some amount 
(typically 10 to 20%) for an extended time period to cause 
the overload relay function to trip. If the motor is alloWed to 
continue to run due to a Welded contact in the control circuit 
or a problem in the oil heating circuit, the motor may run 
until it fails. Often the oil Will heat to a temperature Which 
could cause damage to the valve. In extreme cases the motor 
may catch ?re or the oil may give off quantities of smoke. 
Because the currents are beloW the overload setting, the 
overload Will not trip. 

[0009] The present invention is directed to solving one or 
more of the problems discussed above, in a novel and simple 
manner. 

SUMMARY OF THE INVENTION 

[0010] In accordance With the invention there is provided 
a system and method for detecting motor run condition. 

[0011] In accordance With one aspect of the invention 
there is disclosed a motor control system for detecting motor 
run condition comprising poWer sWitches for connection to 
an AC line for controlling application of AC poWer to the 
motor. An input receives a motor start command. A control 
ler is connected to the input and controls operation of the 
sWitches responsive to a motor start command. The control 
ler includes a counter and a timer and is operable to disable 
the poWer sWitches if number of starts during a select 
interval exceeds a ?rst start threshold and to disable the 
poWer sWitches if motor run time after a motor start com 
mand exceeds a ?rst run threshold. 

[0012] It is a feature of the invention that the controller 
comprises a programmed processor. 

[0013] It is another feature of the invention that the input 
comprises a communication interface for receiving the 
motor start command from an external device. 

[0014] It is yet another feature of the invention that the 
controller is operable to issue a ?rst Warning command if 
number of starts during the select interval exceeds a second 
start threshold loWer than the ?rst start threshold and to issue 
a second Warning command if motor run time after a motor 
start command exceeds a second run threshold loWer than 
the ?rst run threshold. 

[0015] It is an additional feature of the invention to 
provide a display to visually indicate the Warning com 
mands. 

[0016] It is yet another feature of the invention that the 
controller is operable to issue a ?rst Warning command if 
number of starts during the select interval exceeds a second 
start threshold loWer than the ?rst start threshold and to issue 
a second Warning command if motor run time after a motor 
start command exceeds a second run threshold loWer than 
the ?rst run threshold and the Warning commands are 
transmitted on the communication interface to the external 
device. 



US 2005/0241883 A1 

[0017] There is disclosed in accordance With another 
aspect of the invention a motor starter system for detecting 
motor run condition comprising poWer sWitches for connec 
tion to an AC line for controlling application of AC poWer 
to the motor. An input receives a motor start command. A 
controller is connected to the input for controlling operation 
of the sWitches responsive to a motor start command. The 
controller includes a counter and a timer and is operable to 
disable the poWer sWitches if number of starts during a select 
interval exceeds a ?rst start threshold. 

[0018] There is disclosed in accordance With a further 
aspect of the invention a motor starter system for detecting 
motor run condition of an elevator motor comprising poWer 
sWitches for connection to an AC line for controlling appli 
cation of AC poWer to the elevator motor. An input receives 
a motor start command. A controller is connected to the 
input and controls operation of the sWitches responsive to a 
motor start command. The controller includes a timer and is 
operable to disable the poWer sWitches if motor run time 
after a motor start command eXceeds a ?rst run threshold. 

[0019] There is disclosed in accordance With yet another 
aspect of the invention an elevator motor starter system for 
detecting elevator motor run condition comprising poWer 
sWitches for connection to an AC line for controlling appli 
cation of AC poWer to the elevator motor. An input receives 
a motor start command from an elevator control. Acontroller 
is connected to the input and controls operation of the 
sWitches responsive to a motor start command. The control 
ler includes a counter and a timer and is operable to disable 
the poWer sWitches if number of motor starts during a select 
interval eXceeds a ?rst start threshold and to disable the 
poWer sWitches if motor run time after a motor start com 
mand exceeds a ?rst run threshold. 

[0020] There is disclosed in accordance With a further 
aspect of the invention the method for detecting motor run 
condition in a motor control system comprising: providing 
poWer sWitches for connection to an AC line for controlling 
application of AC poWer to the motor; receiving a motor 
start command; and controlling operation of the sWitches 
responsive to a motor start command, including operating a 
counter and a timer and disabling the poWer sWitches if 
number of starts during a select interval eXceeds a ?rst start 
threshold and disabling the poWer sWitches if motor run time 
after a motor start command eXceeds a ?rst run threshold. 

[0021] Further features and advantages of the invention 
Will be readily apparent from the speci?cation and from the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a perspective vieW of a motor controller 
in accordance With the invention; 

[0023] FIG. 2 is a block diagram of the motor controller 
of FIG. 1; 

[0024] FIG. 3 is a block diagram of a control system for 
an elevator using the motor controller of FIG. 1; and 

[0025] FIG. 4 is a How diagram illustrating a motor run 
condition detection module implemented by the processor of 
FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Referring initially to FIG. 1, a solid state motor 
starter/controller 20, referred to hereinafter as simply a 
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starter or a controller, is illustrated. One application for the 
controller 20 is as an elevator starter. The motor controller 
20 may be used to drive a pump for an hydraulic elevator. 
Each time movement of an elevator car is commanded, the 
motor controller 20 must start the elevator motor until it 
reaches operating speed and then operate in a run mode. 
Such a motor controller 20 may only be used for the up 
direction as gravity may be used for the doWn direction. 

[0027] The motor controller 20 comprises a housing 22 
including a housing base 24, a heat sink 26 and a cover 28. 
The motor controller 20 includes a plurality of solid state 
poWer sWitches 32 in the form of thyristors, such as back to 
back connected silicon controlled recti?er (SCR) pairs, see 
FIG. 2. For simplicity herein, the SCR pairs 32 are referred 
to as simply SCRs. Triacs could also be used. The SCRs 32 
control application of three phase AC line voltage to a three 
phase motor. As is apparent, a different number of SCRs 32 
could be used to control different numbers of phases, as is 
apparent to those skilled in the art. The SCRs 32 are 
mounted to the heat sink 26 Within the housing 20. Referring 
also to FIG. 2, a control circuit 34 is also enclosed in the 
housing 20. The control circuit 34 controls operation of the 
SCRs 32. Particularly, the control circuit 34 includes a 
programmed processor 36, such as a digital signal processor, 
for commanding operation of the SCRs 32. A memory 38 is 
connected to the processor 36 and stores programs and 
con?guration information relating to operation of the SCRs 
32, as described beloW. As is apparent, the processor 36 may 
include program memory storing some or all of the pro 
grams and con?guration information. 

[0028] The processor 36 is connected via a sense voltage 
circuit 39 to three interface circuits 40 each for connection 
to one of the SCRs 32. Particularly, the interface circuits 40 
comprise snubber circuits for driving the SCRs 32. The 
sense voltage circuit 39 senses line voltage and motor 
terminal voltage. Particularly, the sense voltage circuit 39 
measures the line (L2, L2, L3) voltages and the motor 
terminal (T1, T2, T3) voltages relative to its oWn internally 
generated neutral in a conventional manner. Acurrent trans 
former 42 senses current of each of the SCRs 32 and is 
connected to a current sense circuit 44. Other types of 
current sensors could be used. The current sense circuit 44 
is also connected to the processor 36. 

[0029] An LCD display 45 on the cover 22, see FIG. 1, is 
connected to the processor 36. The display 45 is used to 
indicate con?guration settings, operating values, fault con 
ditions, and the like. User actuable sWitches 46 are electri 
cally connected to the processor 36. The user actuable 
sWitches 46 are actuated by actuator elements 48 on the 
housing cover 22, see FIG. 1. Particularly, the sWitches 46 
are used for locally selecting parameters for stored con?gu 
ration information. 

[0030] Referring to FIG. 3, an hydraulic elevator system 
50 using the controller 20 is illustrated. The hydraulic 
elevator system 50 uses an electric motor 52 to run a pump 
54. Avalve 56 is connected in a pipe 58 betWeen the pump 
54 and a cylinder 60. A piston 62, in the cylinder 60, 
supports an elevator car 64. In the illustrated embodiment of 
the invention, the motor 52 and the pump 54 are submerged 
in hydraulic oil 66 in an oil reservoir tank 68. 

[0031] Overall operation of the hydraulic elevator system 
50 is controlled by an elevator control 70. The elevator 
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control 70 receives input commands from hall buttons 72, as 
Well as other typical input devices (not shoWn). The elevator 
control 70 controls the valve 56 and is in communication 
With the controller 20 to command operation of the motor 52 
and thus the pump 54. The controller 20 is connected to an 
AC line 74 for controlling application of AC poWer to the 
motor 52. Particularly, the AC line is connected to the line 
terminals L1, L2 and L3, see FIG. 2. The motor 52 is 
connected to the motor terminals T1, T2 and T3, see FIG. 
2. 

[0032] When the elevator car 64 has to ascend the motor 
52 drives the pump 54, the valve 56 is opened and the 
hydraulic oil 66 forces the piston 62 and the car 64 upWards. 
Once the car 64 reaches a selected ?oor, the valve 56 closes 
and the motor 52 is turned off by the controller 20. When the 
elevator car 64 has to descend, the valve 56 opens and 
gravity causes the car 64 to descend. 

[0033] The controller 20 is designed for high cycle rates 
and includes current limit starting to bring the motor 52 up 
to speed quickly Without affecting the incoming poWer 
system. It also includes a communications interface 76, see 
FIG. 2, to interface With the elevator control for receiving 
motor start and stop commands, as Well as other typical 
commands. The interface 76 may be a Wireless interface, or 
a serial interface or other knoWn or contemplated type of 
communication interface. 

[0034] In accordance With the invention, the controller 20 
detects if the number of starts over a speci?ed time interval 
exceeds a preselect limit to shut doWn the motor 52. Par 
ticularly, the controller 20 includes a counter to keep track 
of the number of starts over the time interval. The value of 
this counter can be compared to a parameter set by the 
elevator OEM, or by the installation technician. The time 
frame can also be a selectable threshold parameter. The 
parameter can be received over the communication interface 
76 or be set using the sWitches 46. 

[0035] The controller 20 also provides protection for the 
motor 52 by including a timer to keep track of the run time. 
The value of this timer can be compared to a value of an 
adjustable threshold parameter. If the run time exceeds the 
threshold setting, the motor 52 Would be shut off and the 
controller 20 displays a fault. The parameter Would also be 
able to be turned off in the event the application is on a 
traction system. 

[0036] In some installations, it may be helpful to have an 
additional Warning level to indicate that there is a problem 
before it gets too serious. This prevents nuisance tripping 
and unnecessary doWn time in the elevator. The Warning 
level setting Would also be additional threshold parameters. 
The Warnings Would shoW up on the elevator starter LCD 
display 45. In some cases, the Warning levels may Want to 
be remotely monitored. The controller 20 could communi 
cate through the communication interface 76. 

[0037] The described protection is provided by a detect 
motor run condition module or program 78 stored in the 
memory 38 and implemented by the processor 36. Particu 
larly, the timer function and counter function are part of the 
program 78. The controller 20, under control of the program 
78, disables the poWer sWitches 32 if number of starts during 
a select interval exceeds a ?rst start threshold and disables 
the poWer sWitches 32 if motor run time after a motor start 
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command exceeds a ?rst run threshold. The controller 20 is 
operable to issue a ?rst Warning command if number of 
starts during the select interval exceeds a second start 
threshold loWer than the ?rst start threshold and to issue a 
second Warning command if motor run time after a motor 
start command exceeds a second run threshold loWer than 
the ?rst run threshold. 

[0038] The detect motor run condition program is illus 
trated in the flow diagram of FIG. 4. The program begins at 
an initialiZe block 80 Which resets timers and counters to 
Zero. A decision block 81 determines if a motor start 
command has been received from the elevator control 70, or 
elseWhere. If not the program loops back on itself until a 
start command is received. Once a start command is 
received a start counter is updated at a block 82. The counter 
keeps track of the number of starts during a select time 
interval. This could be done With a log of start times and 
only counting the number of motor starts during the most 
recent period represented by the select time interval. For 
example, the counter could store the number of starts in the 
most recent one hour period. Other count procedures could 
be used for tracking starts per time interval, as Will be 
apparent. A decision block 83 determines if the number of 
starts during the select interval exceeds a Warning threshold 
amount labeled “start limit X”. If so then the display 45 
displays a Warning at a block 84 and a Warning signal is 
transmitted on the communication interface 76. Next a 
decision block 85 determines if the number of starts during 
the select interval exceeds an overload threshold amount 
labeled “start limit Y”. If so then the motor is disabled at a 
block 86 by shutting off the poWer sWitches 32 and a fault 
signal is transmitted on the communication interface 76. As 
is apparent, the start limit X Warning threshold is loWer than 
the start limit Y overload threshold. The routine then ends. 

[0039] If one of the start limits is not exceeded, as deter 
mined at the blocks 83 and 85, then a start timer is started 
at a block 87. The start timer indicates motor run time. The 
motor is then started at a block 88 using a conventional soft 
start routine. Adecision block 89 determines if the motor run 
time exceeds a Warning threshold amount labeled “run limit 
X”. If so then the display 45 displays a Warning at a block 
90 and a Warning signal is transmitted on the communication 
interface 76. Next a decision block 91 determines if the run 
time exceeds an overload threshold amount labeled “run 
limit Y”. If so then the motor is disabled at the block 86 by 
shutting off the poWer sWitches 32 and a fault signal is 
transmitted on the communication interface 76. As is appar 
ent, the run limit X Warning threshold is loWer than the run 
limit Y overload threshold. The routine then ends. If one of 
the run limits is not exceeded, as determined at the blocks 89 
and 91, then a decision block 92 determines if a motor stop 
command is received from the elevator control 70, or 
elseWhere. If not, then the control loops back to the block 89. 
If so, then the motor is stopped at a block 93. Also, the timer 
is reset. The program then returns to the decision block 81 
to Wait for the next start command. 

[0040] As Will be apparent, the processor 36 can and may 
operate other programs or modules, such as, for example, a 
soft start module, concurrently With the detect motor run 
condition program. As such, the flow diagram of FIG. 4 
illustrates the basic sequence for the detect motor run 
condition program independent of any such other programs. 
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[0041] The present invention has been described With 
respect to ?oWcharts and block diagrams. It Will be under 
stood that each block of the ?owchart and block diagrams 
can be implemented by computer program instructions. 
These program instructions may be provided to a processor 
to produce a machine, such that the instructions Which 
execute on the processor create means for implementing the 
functions speci?ed in the blocks. The computer program 
instructions may be executed by a processor to cause a series 
of operational steps to be performed by the processor to 
produce a computer implemented process such that the 
instructions Which execute on the processor provide steps 
for implementing the functions speci?ed in the blocks. 
Accordingly, the illustrations support combinations of 
means for performing a speci?ed function and combinations 
of steps for performing the speci?ed functions. It Will also 
be understood that each block and combination of blocks 
can be implemented by special purpose hardWare-based 
systems Which perform the speci?ed functions or steps, or 
combinations of special purpose hardWare and computer 
instructions. 

[0042] It can therefore be appreciated that a neW and novel 
system and method for automatically detecting motor run 
condition in a motor controller has been described. It Will be 
appreciated by those skilled in the art that, given the 
teaching herein, numerous alternatives and equivalents Will 
be seen to exist Which incorporate the disclosed invention. 
As a result, the invention is not to be limited by the 
foregoing exemplary embodiments, but only by the folloW 
ing claims. 

We claim: 
1. A motor control system for detecting motor run con 

dition comprising: 

poWer sWitches for connection to an AC line for control 
ling application of AC poWer to the motor; 

an input for receiving a motor start command; and 

a controller connected to the input and for controlling 
operation of the sWitches responsive to a motor start 
command, the controller including a counter and a 
timer and being operable to disable the poWer sWitches 
if number of starts during a select interval exceeds a 
?rst start threshold and to disable the poWer sWitches if 
motor run time after a motor start command exceeds a 
?rst run threshold. 

2. The motor control system for detecting motor run 
condition of claim 1 Wherein the controller comprises a 
programmed processor. 

3. The motor control system for detecting motor run 
condition of claim 1 Wherein the input comprises a com 
munication interface for receiving the motor start command 
from an external device. 

4. The motor control system for detecting motor run 
condition of claim 1 Wherein the controller is operable to 
issue a ?rst Warning command if number of starts during the 
select interval exceeds a second start threshold loWer than 
the ?rst start threshold and to issue a second Warning 
command if motor run time after a motor start command 
exceeds a second run threshold loWer than the ?rst run 
threshold. 

5. The motor control system for detecting motor run 
condition of claim 4 further comprising a display to display 
an indication of the Warning commands. 
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6. The motor control system for detecting motor run 
condition of claim 3 Wherein the controller transmits a signal 
on the communication interface if the poWer sWitches are 
disabled. 

7. The motor control system for detecting motor run 
condition of claim 6 Wherein the controller is operable to 
issue a ?rst Warning command if number of starts during the 
select interval exceeds a second start threshold loWer than 
the ?rst start threshold and to issue a second Warning 
command if motor run time after a motor start command 
exceeds a second run threshold loWer than the ?rst run 
threshold and the Warning commands are transmitted on the 
communication interface to the external device. 

8. A motor starter system for detecting motor run condi 
tion comprising: 

poWer sWitches for connection to an AC line for control 
ling application of AC poWer to the motor; 

an input for receiving a motor start command; and 

a controller connected to the input and for controlling 
operation of the sWitches responsive to a motor start 
command, the controller including a counter and a 
timer and being operable to disable the poWer sWitches 
if number of starts during a select interval exceeds a 
?rst start threshold. 

9. The motor starter system for detecting motor run 
condition of claim 8 Wherein the controller comprises a 
programmed processor. 

10. The motor starter system for detecting motor run 
condition of claim 8 Wherein the controller is operable to 
issue a Warning command if number of starts during the 
select interval exceeds a second start threshold loWer than 
the ?rst start threshold. 

11. The motor starter system for detecting motor run 
condition of claim 8 Wherein the input comprises a com 
munication interface for receiving the motor start command 
from an external device. 

12. The motor starter system for detecting motor run 
condition of claim 1 Wherein the controller is operable to 
issue a Warning command if number of starts during the 
select interval exceeds a second start threshold loWer than 
the ?rst start threshold and the controller transmits a signal 
on the communication interface to the external device if the 
poWer sWitches are disabled or responsive to the Warning 
command. 

13. A motor starter system for detecting motor run con 
dition of an elevator motor comprising: 

poWer sWitches for connection to an AC line for control 
ling application of AC poWer to the elevator motor; 

an input for receiving a motor start command; and 

a controller connected to the input and for controlling 
operation of the sWitches responsive to a motor start 
command, the controller including a timer and being 
operable to disable the poWer sWitches if motor run 
time after a motor start command exceeds a ?rst run 
threshold. 

14. The motor starter system for detecting motor run 
condition of an elevator motor of claim 13 Wherein the 
controller comprises a programmed processor. 

15. The motor starter system for detecting motor run 
condition of an elevator motor of claim 13 Wherein the 
controller is operable to issue a Warning command if motor 
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run time after a motor start command exceeds a second run 
threshold lower than the ?rst run threshold Wherein the input 
comprises a communication interface for receiving the 
motor start command from an external device. 

16. The motor starter system for detecting motor run 
condition of an elevator motor of claim 13 Wherein the input 
comprises a communication interface for receiving the 
motor start command from an external device. 

17. The motor starter system for detecting motor run 
condition of an elevator motor of claim 16 Wherein the 
controller is operable to issue a Warning command if motor 
run time after a motor start command exceeds a second run 
threshold loWer than the ?rst run threshold and the controller 
transmits a signal on the communication interface to the 
external device if the poWer sWitches are disabled or respon 
sive to the Warning command. 

18. An elevator motor starter system for detecting elevator 
motor run condition comprising: 

poWer sWitches for connection to an AC line for control 
ling application of AC poWer to the elevator motor; 

an input for receiving a motor start command from an 
elevator control; and 

a controller connected to the input and for controlling 
operation of the sWitches responsive to a motor start 
command, the controller including a counter and a 
timer and being operable to disable the poWer sWitches 
if number of motor starts during a select interval 
exceeds a ?rst start threshold and to disable the poWer 
sWitches if motor run time after a motor start command 
exceeds a ?rst run threshold. 

19. The elevator motor starter system for detecting eleva 
tor motor run condition of claim 18 Wherein the controller 
comprises a programmed processor. 

20. The elevator motor starter system for detecting eleva 
tor motor run condition of claim 18 Wherein the input 
comprises a communication interface for receiving the 
motor start command from the elevator control. 

21. The method for detecting motor run condition in a 
motor control system comprising: 

Nov. 3, 2005 

providing poWer sWitches for connection to an AC line for 
controlling application of AC poWer to the motor; 

receiving a motor start command; and 

controlling operation of the sWitches responsive to a 
motor start command, including operating a counter 
and a timer and disabling the poWer sWitches if number 
of starts during a select interval exceeds a ?rst start 
threshold and disabling the poWer sWitches if motor run 
time after a motor start command exceeds a ?rst run 

threshold. 

22. The method of claim 21 further comprising providing 
a programmed processor for controlling the sWitches. 

23. The method of claim 21 Wherein receiving the motor 
start command comprises providing a communication inter 
face for receiving the motor start command from an external 
device. 

24. The method of claim 21 further comprising to issuing 
a ?rst Warning command if number of starts during the select 
interval exceeds a second start threshold loWer than the ?rst 
start threshold and issuing a second Warning command if 
motor run time after a motor start command exceeds a 

second run threshold loWer than the ?rst run threshold. 

25. The method of claim 24 further comprising providing 
a display to display an indication of the Warning commands. 

26. The method of claim 23 further comprising transmit 
ting a signal on the communication interface if the poWer 
sWitches are disabled. 

27. The method of claim 26 further comprising issuing a 
?rst Warning command if number of starts during the select 
interval exceeds a second start threshold loWer than the ?rst 
start threshold and issuing a second Warning command if 
motor run time after a motor start command exceeds a 
second run threshold loWer than the ?rst run threshold and 
transmitting the Warning commands on the communication 
interface to the external device. 


